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('onstnrction industry in Malaysia had a brief sand shrºrtagc problem in the year 
I9%, and as sand lecoming incrcusingly expensive nver the years, and the 
unavailability of clean word at site can hinder the construction proccss, alternative 
material is nccded to replace the s, md application in the vertical drain system. The 
report explains briefly on what constitutes it soft soil; its properties and characteristic 
as well as problems arise from the construction on soft ground. ('onccpt on vertical 
drain is illustrated to further understand hues vertical drain accclcrutcs consolidation 
in soll soils, dillcrcnt types of vertical drains, and specifically on the prct'ahricated 
vertical drain f I'VI )) and the compxºnents of the vertical drains system. the possible 
use of gcmompxºsitc drain i. e StripxlrainIM as an alternative material to replace the 
s nd blanket as the drainage layer in the vertical drain system is studied. 
I spcrirncntal values of the discharge capacity and settlement rule of soil for both 
drairtagc systcros are included in this report and comparisons were made. Ile 
Stripdrain°t system wns Found to provide utter draiiiii c in the vertical drain system. 
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1.1 Background of the Project 
I lie curlxºIidation scttlcnlcnt of Mott clay or compressihIv soiI with high wwatcr 
contcnt %% ill take it long time to complctc. It is inn )rtault to enwre that the excess 
water he removed atom the stºil before construction begins to avoid settlement 
prohIcnls. Vertical drain are installed together %% ith prcloading by surcharge 
cnlbatik mcnt or vacuum pres. urc to provide an easier drainage path which the water 
can ex al)c, 11II/%urchargc i% placed on site to start the movement of water. I-lie 
increased parr water prc%%urc cxcrts a force which movcs the water to the nearest 
drain path and up to the drainage Iaycr at the surtncc of the site, under the 
III IJ%urc hargc 
, 
Tbc druiimgc layer uuuully u Iuycr of pvrmcahic umd blanket is the signilicunt purl 
of the project and an ultcrnutivc mutcriul that cxhihit% the sane prupcrtics as the %and 
%% III he %tudicd to rcplacc --and a. the drainage layer. A Icusihlc alternative solution 
that %,, ill he ct tsidcrcd in the project is the u+c ul' gcotcxtilc a% the huriiuntul 
drrinagc under the fill. 
1.2 1'rnhlcm Statrmrnt 
In Coll vCntJUrull mcth(xl, uuul blunkct i, Inid Ixnenth the fill (4) act 11% 111C (Inimagc 
laycr cunncctcd tu thc vcrticul druin, imtnlled at , ile. I Iu%%cvcr, in places whcrc it is 
hard tu obtain dcun , and and romidcrink the ri+inr. <<,, t uf', tmd ovcr thc ycar,, an 
altcrnutivc mntcrial tu rchlncc tlti, , und hlunkrt i, nccdcd. Thcrcfi+rc, ttcotcxtilc is 
c4m, idcrcd to act a, thc drninaWc Inyci in thc hruicrt, and its rhururlcristic will hc 
xtudicd to cmurc thnt it, hcrliºrmanrc mcct thc drainupc critcrin necdcd tu dis<"harlic 
thc watcr from the vcrtica) drain. 
i 
1.3 Ohjcrticrý and the Scope of Study 
I he 111.11,1) objective of this slluiy is to find un it Itentative solution to rcplucc s; uui 
blunlct us the drainage layer. the lxºtcntiul material which is considered in this study 
is the use o1'l; cotextilc and comparison Ict%%ccn the two matcriuls will he discussed. 
('otnpurisun in terms of its dntinage capacity will he studied and the costs involved 
using the ditlcrcnt materials in construction will b made litter in the project. 
I he scope of stud) will cover it comparison of lx: rlirrmance in soil soil impruvcmcnt 
using the prcl'ahricatcd vertical drain ON D) coupled with sand blanket as the 
drainage layer, I'VI) coupled with the horiiuntal drain. It is to Iw undcrsttxxl that the 
drainage layer could 1 of any material as long as it has the none drainage capacity 
as the sand hlankct. I he use ul' geotextile huriiontal drainage ix Strilxlrain'M will he 
dixussed in depth for this project. 
I be project for this semester will cover research and experimental works over the 
Ira\ihility of u%ing l; cotcxtilc to rcplacc sand as the drainage layer. Variables to he 
lookcd into arc the discharge calutcity, settlement and the increase in shear strength 
of the sample soil. ('ontpariuons are to he made between the two drainage systems 
and a laboratory conclusion on the performance of Moth methods could he drawn. 
the results and data established from the study hopefully will he helpful in selecting 
the appropriate method for future field application. 
('l1AP'1'FR 2 
LITERATURE, 1t FN11': W 
:. 1 1iºfl "W ºiI+ 
tiutt wil% reprc. cnt a gencral term to tIru"ritx u mdc range of' . u, il. Nhich are in 
common lw-ing high mui]turc runtenl, Iu%% Ixaring raparily and It 
high 
comprc,. ihility. Ihe r"uhe. iun and the angle rot' trirliun are Iu%%, (IcIvilding on tile 
high matcr cuntcnt. Stiff soik ran rtmgc from purr organic uoil. %. ith urg: ric ttrhri. 
Iikc put to tirrc graincil . r(lüncntti like rluy% and nill% and in Ixtwecn it nrixlure of 
thc. r t%cu. 
I inc grainca . cclimcnt-, Iikc clay havc low Iºcrmcahility and take it very lung timc to 
cunxºlidatc. Vcrtical dmin+ arc u. cil to nccclcrntc the cuntiuli: I: Uiun Iºrºn"c%+ to 
impruvc the x1tt . oil condition wº that cxcc. sivc and dillircntial . cttlcmcnt will nut 
tºccur during and altcr cumtructiun cumuicnccd. 
2.2 Vertical 1)raia. 
:. 2.1 IntrlKlurtion to Vertical Drain 
( hw of' the w1t % oil itnpruvctncnt mcthuds is by utiinp. the vcrtical druinv, Vcrticul 
drains arc artificially crcutcd druituthc 1ºat11% which can he instullcd on soil which is 
cuntprc%%iblc and tuhcs is vcr\ limp Iimc to cumulidatc, 11crl. 'udu ct u1. (I'N). t) stated 
that the purlkisc ul' vcrticnl drain installation is twultIld. I irrt is tu accclcratc Ihr 
consolidation process of' the clay suhsuil. und secondly; to gain rapid strcnltth 
increase tu inºprovc the stuhil0 u1 structurrs un weal` clay Iuundatiutºs, 
I 
I il; ure 2.1 illutitratc% a typical vcrtical drain inmallatiun for highway cnrhunkrncnts. 
In thi% mcthuxl, Ix)rc wtrtcr eticsltcd tlurinE; thc cun`ulidtttiun of the clay due tu the 
hydraulic gradient crcrtcd hy the preluading and nurvcs freely along the drains 
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I hcrc arc 1 common types of vertical drains, namely : %und drains, fabric cncuscd 
sand drain%, and prctühricatcd vertical drains. I able 2.1 stanmarises Ihr ; type 
uccurdingly. Only prctnhricated vertical drain (I'VI)) will ix discussed in the papcr 
as it is onc of the gcotcxtilc applications to improvc the soll soil condition. 
Iable 'I lonunim lýix-. ul'vcrilcal druittv ( uftrr kmnct vi nI I')Kh) 
('cncral I}rc% I Sub- I yhc. 
1 Ilrmur{ýý I 
*tund Ihnin. ('luticd cud nuuulrrl 
ticrcw t) hc uugcr 





I ahric Iý: rtcusrd tianýl%% üiý, I'aºcl I )ruin, Ftshridruin 
ti: uºJ I )rain, 
1'rcfabriratcd Cardlunird drain 
Vertical 1)rain. I ahric cuvrrcd 
I'luwic drain m. ilhuul jucAol 
2.2.2 Prefabricated Vertical Drain (1'VI)) 




I )i I'l icult to cuntntl 
C III) Ix nun-i1i. hluccmcnt 
('III) hc nu11-i1i, hlnccmcnt 
IýuII (Ii. hlaccmcnt of 
rctativc %mall vulumc 
I'ull (Ii%hluccntcnt of 
, mnll w, Iumc 
I'rclahrºcatCtt vcrtºcal druin or mutit commonly ýnown It, wich drain is u. c() to 
rcplacc the cottvcmiunal sand drains a% sand drain% arc tiu. ccpitihlc to aumul; c from 
Iatcral gnmnd muvcmcnt. An ctlcctivc prcl'ahricutcd vcrtical drain (I'VI)) has two 
haw filtration functionti: first to rctain soil luºrticlc.: mid +ccund, to allow wutcr to 
pa%. + fnxn the soil into thc NVI) curc ( Icrilº}; hi Iiltcr critcria). 
I'VI) is ct><uposcd of a plastic cure, prutccicd by fabric tiltcr with it longitudinal 
cluutncl (I igurc 2.2). I'bc plastic corc %hull tic muck (it continuous pltraic tahricutcd 
to tacilitatc drainage along the nxis of the drain, while the tühric liltcr shall he 
capahlc of rcsisting; all bending, punching; and tensioning suhjcetcd during 
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I ip. urc ": I'fCIitIIrlClttclt Vcrtirul I)rttitr 
1'VIh arc instullcd cithcr by using it static or dynamic ntcthotl. In static systcnt, thc 
ntartdrel is in+crtctl into thc soil via it static lorrc. I>ýmunic installation involvcd it 
conventional drop haumttcr or it vihrtttirtg htmtntcr tu hush the ntamlrcl into the soil. 
Static systcnt is prclcruhlc as it crcatcs Icss disturhuncc of' thc surrounding soil. A 




I Ikurr :i In, lallcdlull of , crtrcaI ilraur by fly. ( ruurtry) ol I rrrati), trntý Inc. ) 
2.2.3 ('umlx, ncnta of a Vertical Drain. S' tcm 
Vcrtical drains accclcratc conx)hdation in soft %oil with high contcnt of organic 
matcrinl and vcr) high watcr contcnt, Watcr is syuccicd out during the consolidation 
duc to prcloading and it flows vcrtically upward to 11w drainagc path (sand hlnnkct) 
hclore hcing discharged to the nppropriatc dischargc point. 11rcloading gcncrully 
rrfcr% to the application of surclutr}tc load on the site prior to the placcmcnt oI the 
final construction load until most of the primary consolidation is achieved. 11ic two 
1 
common rrckutding tcchnmluc% are comvcntionul prcloudinK, c. g. by mcuns of* an 
cmhunkmcnt, und vacuum induccd rrclouiding. 
An important comlxmcnt of'vcrtical drains system would ix field instrumentation for 
monitoring the pcrfonnuncc of' the cnthunkntcnts tu control the gcotechnical 
prºhlcnts and to improve settlement predictions so to provide guidelines for future 
projects. l icld instrumentation cut he divided into two groups (Ifo cl al.. 2003). 'Iltc 
first is to prcvcni sudden failures during construction and instnuncnts used arc the 
scitlentent plates, inclinometers und pictontctcrs. the second group uses the 
rnultilcvcl settlement gouges und picionictcrs tu record changes in the rate of' 
scttlcnicnt und execs Ixºrc pressure during loading stages. (rcfrr to Figure 2.1) 
2.2.4 Granular (: radrd Drainage System (Sand Iüankct) 
I)ruinagc blanket i. c %and blanket is used to expel water away front the vertical 
drains and to pro%idc it sound-working mat for vertical drain rigs. With sufficient 
horüontal druinagc rate in the drains, they modil'y the hydraulic gradient of vortical 
flow in the vcrticul drain to uccclcratc Corlsolldiltlurl. I he stnld hlunkci is the plain 
con crn for this projcct whore another matcriul is rcquircd to act as the drainage 
layer For the vcrticul drains system, l'his is duc to the problem of uvuilabilit> and 
high cost of clean sand to he used for drainage blunkct. 'I'hc conventional method has 
horn to install it sand Iuycr (sand blanket), usually alxºut Im (I It. ) thick, under the 
surcharpc. I his nlcthtsi s<ºmetintcs overestimates talc dischuncc capacity of the sand 
blankets resulting in inudcquutc lateral drainugc that fins conlpronliscd the Function 
of the vortical drain system. 
In the ycnr I'$)6, Mulay%ia. cspci inlly in ticlungor and I cdcrnl Territory was luring u 
'criiºur sand shortage that could dirnºpt the construction and nuºnuliºcturing sector. 
I)ue to the shortagc in the two arca+, the pricy of sand had shot up hctwccn RM3O 
and RM40 a tonne. ( cxtractcd Cron : Mulaysia'Ioxlay 25"' May 2O00) 
the Kcal F-slatc and Ilousino I)cvcloperti' A, iMItiatinn Muluysiu (RE: III)A) Sclangor 
ha% urgcd the SclanYur statc uovcrtmtcnt to urgently look into the shortaVc of* sand 
%uppl) which i% allcý"tin9 property dcvcloper% in the stacc. Its chairman Muitaia 
7 
Muhumad said that fellow dcvclupcrs wcrc fücing it critical shortagc of sand, and 
that the pruhlcnt he M)Ivcd kith long term solutions sue Ii as ufxning of morc sand 
mincs. I Ic said sincc mid-200.1, housing developers in the state had been fitcing 
difficulties in obtaining adequate supply of %and. causing project disruptions duc to 
the sand issuc. 0Itusan Malaysia, March 7 MOO) 
Fahlc 2.2 %itow% the joint stutrmcnt from Mustcr. liuildcrs Assikialion Muluy. iu 
(MIIAM), Itcul latutc Iluusink Ikvclohcr Assýkiution (IiIAI)A), I'cr, atuan 
Kontrahtor Mcluyu Malaysia (I'KMM) and I'cr. ntuun Kontraktur India Malaysia 
(I'KIM). 
Iuhk' 2 AvrruF. r I'rirc. týI Iluilrliný Mt1lCriüly in Muluyviu( MIIAM) 
- -- _- .. _ AveraQo Pr"1 OI E3uHdinq 
Matarºal* 
Budding Materials 
Ordinary Portland Cement 
Mtld SI"I Round Bars 
p" 1 pmm x 12m 
12mmx 12m 
16"32mm x 12mm 
iqh Tensile Deformed Bars 
ß-lpmm x 12m 
12mmx 12 m 
16-32mm x 12mm 
114' CIM GISSR:; hael 
Bndu 
Common Clay BAkks 
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Io scc tic incrcusc o1 cost in und hriccs, ('onstruction Indusm licsourcc ('rntrr 
(('Ili(') Ifuildinp. 111atcriu1s Cost InJcx is uscd. Cost inºIcs is onc of' ilic most 
imlxrnunt itcros in cost data, particularly «ith rcgunls tu tiºrccusting tcciniyucs 
%%hici rclý on historical Tutu. 
Ilic ohjcctivc of rust indcx is to nlcasurc c)uin cs in the cost of an itcm from one 
Ixºint of title to unuthcr. A haze data is chosen, tlulilll)' given the vuluc of 100, till 
pusl and tuturc increases or dccrcuscs Iwing rclutcd to this figure. Figure "1.1 shows 
the trend of increase in the cost index with the year 2002 as the husc data. Cost index 
does not givc the exact price ol'sand at the various states. 
I he prices of sand in Malaysia are attached in AI'I'I NI)1N I 
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I by irnrca-ong trcna ot und priccti uvcr thc year, is cxpcctcd to conllmle rking. '1lºc 
urtuvaºIahility of +and lilts cautic pnºhlcm, tu thc con+truction indu%try and thcreturc 
the utic uf'bcutcttilc% is cun. idcrrJ to rcplucc aruinagc and filtnition function of%und 
in couº+trucuon. 
y 
2.3 (: rotcxtilr Application in ('onaruction 
2.3.1 Introduction 
Bawd on Ati I AI M-149-02, gcotcxtilc is dctincd as it Ixrmeahlc I; rosynthctic 
c u, npriscd u, lcly of tcstilcs, whcreas pcusynthctic is a planar product manutircturcd 
from polymctric material uscd with soil, rnxh, carth, or othcr gcotcchnicnl 
cnginccrinp. related ntatcrinl us an integral part of man-made projcct, stntcturc, or 
systcm. I he application of' I; cotcxtilcs has txcn accepted in civil cnginccring works. 
( fcotc\tilrs ha% c an cxccllcnt pcrf'omiºancc in discharging the pore water to dissipate 
thc porc watcr prcssurc much faster than the original soil mass (Rowc 1992. Loh 
I ()A)x l 
Nagahara ct al. (I 9991) . tudicd the Ii huviour of high cmhunkmcnt with gcutcxtilc 
hurüuntal drain in Nut) Airlxºrt in Jupun. Iloriiuntul gcutcxtilc Bruin. wcrc 
embedded in the cmiumkmcnt to dissiluttc tic excess porc wutcr prcssurc. 
tietticrncnt, latcrul displacement, pore wutcr pre%%ure, and curth pressure within the 
embankment wcrc measured during the construction. Ifhc results obtained shown 
that the horicuntul gcutcxtilc drains used, perform both as drainage and 
reinlocvcmcnt to the embankment. 
Nrcfhhricatrd vcnicnl druin% drastically shorten the cIn1M lidatiton timcs in soil 
cI)hcsivc 'oil (I igurr 2A) but in ordcr it to function properly, u druinngc path must 
he provided to receive flow from the drains and direct it undcr the surchurKc to the 
appropriate discharge points. 'Iltis horit ontal drainage system must prrl'Onn without 
applying; csccsivc pressure to the vcrticul drains. fhc use of i cotcxtilc strip drains 
can pnwvidc an alternative to the use ol'sand or Krunular druinagc hlankct. 
i() 
2.3.2 Functi4ºny ººf l; rotcxtile 
1'co (2(X)1) mentioned in his paper that there are four basic functions of geotextilc. 
I hcsc arc 
%. I)rainwýc 
A gcutcxtiie f"unctions as it drain when it collects a liquid and conveys it 
towards an outlet. Ilowevcr the capuacity of* fitbrics is limited and 
gctxt>rnpxtsite drains have been developed to provide increased capacity. Ilac 
flow of water into the drain is controlled by the gcotcxtile must also perfimn 
a lifter function to prevent loss of'capacity due to soil clogging into the drain. 
Mc drainage-in-the-plunc is termed transmittivity its contrast to permittivity 
for filtration. 
2. Filtration 
A t.: cotcxtilc placed in contact with soil, allowing water to puss through while 
preventing the movement of SotI particles. Both adequate permiltivity and 
soil retention arc required simultaneously over the design lift: or filtration 
application. 
3. %cparntiun 
A gcutextilc is placed between two dificrent soils, preventing the two soils 
Crum intermixing;. 
4. Kcinforccmcnt 
:1 geotcxtilc is used to improve the mcchanicul properties of' an earth 
+tructurc by intcna"tinl; with uºiI thruuE: h intrrtiwC %hcür. 
I he drainage and filtration function ut' a gcutcxtilc hus mule it as the most prohahlc 
altcnwtivc to replucc the uuul hlimkct in the vcrtical drain system. Yco (2003) also 
mcntiomcd the u%c of a $emumpusitc drains for incrcuscd drainagc capacity 
cmtparcd to the gcutcxtilc fnhric as the Ixossihlc dntinagc application. 
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2.3.3 t; rvtrztilrm in Drainage Alºhlicatitºn 
A prupcrl) functioning drain mua retain the surrounding soil while rcudily accepting 
Natcr f'rt)n the soil und rcnuºvingý it from the urca, Whilc p. ranuhir drains have u Ions; 
pcrfi. ºnnancc history. gcotcxtilc use in drains is rclativcly rcccnt and pcrfor mancc 
data arc Iimitcd to upproximatcly 23 ycurs. 
IluwCVer, gcutcxtilc-. Ituvc hccn uycd to rcphtrc p. rudctl granular filtcr% in almost all 
drairuugc applicaliun+ hccuu. c ufthcir comparable pcrfiºrntuncc, Improved cconomy. 
c4m. iacnt prupcrtics and the case of in, tullist ion mcthuxl. Without prolxr dCsign, 
thcir pcrtiºrmuncc cannot hc usccrtuincd prulºcrlý . 
I-hcrcfiºrc, geutcxtilc% mum by 
dc. ignccl to pcrfiºnn cytutlly a% grudcd granular filtcrs. 
C i*cttilcti nºu%t huvc the caluºhility to allow wutcr to flow through the filter into the 
drain, and to continue doing thi% throughout the lilt of'the project (%urvivahilit) ) and 
al-A) to retain the seil puºrticle% in place and to prevent their migration (piping) 
through the filter ( If tiomc % oil parildc% do move, they must he able to puss through 
the filter without blinding or clogging the downstream media during the life of the 
projcct) 
('hri, ulhcr (194M) mcntiuncd thut tor dnsinuVc hcncuth ruvcnlcnt hcrnlcuhlc ha`c+, 
blanket drains, and hu+c cuurwrv, gcuicxtalc ow cun he tutitificd uvcr comvcntinal 
1:. radcd y: r: mular tiltcr matcrial u`c hccautic ul'coa udvuntup. c Crum: 
"tu ýýf Icý+-cu+tlý draitulbc aggrcl; atc: 
" No,. ihlc u+c uf+mullcr-+ii. cd dnlin.; 
" I'u111hIc cli. miºulti, Nº 44culfcour hihcti; 
"1 xpcdiCnt ctNlxUuCtitºn: 
" I, %%cr ri%k of' contamination and . cgrcKutimi (if' agUrcitutc during 
i iNlýlrUCllýNl; and 
" Kcduccd cuavatiun 
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'sununarºscd critcria that should lre considered for thr dcsign ol'gcotcxtilr liltcrti arc 
"\ rctcntion critcriun to avoid piping;, 
"A pcrmcuhility critcriun to cnsurc the gcotcxtilc is Ixrmcahlc cnoul; h to 
allu%% liquid to lures through rclativcly unhintlcrcd, 
" : \n anti-clogging critcriun to cnsurc the grotextilc is lxrrous cnough 
" -\ survivability and durability critcrion to cnsurc the gcotcxtilc survivcs 
installation and durahic cnutºgh to withstands its prujcrt Iilc. 
2.4 (: roctºm(Hmitr Uraia+ 
AS fM IM439-02, Standard fcrmimºluky for (icrnynthctirs dctinc gctx: umlxrsitc us 
a pnxluct comix). cd of two or nturc mutcriuh, at kit Inc of which is f; cl. ynthctirs 
i, c l, ºcoKcx tiIc, 
Yca (? a)a) statcd that sincc thc capacity ut' lithrics (gcutcxtilc ulunc) is Iimitcd, 
gct>«Nnixºsitc drains huvc hccn dc: vclupcd tu provide incrcuscd capacity. In thc pust 
20 ycarn, prclahricatcd gcº><untixºsitc druins huvc Ix-come it standard mclhod of' 
gnxtndwatcr drairutt; c tiºr it widc varict), ut'puryxºscs. ( McKcun I999). In many casc% 
thc, %c drairt+ arc chcapcr, casicr tu cun. truct, and reNuirc Ics. sluicc (as thcy arc 
u. ually thinrtcr) than cunvcntiuuul drains cunstructcd using aggrcl; atc wrupix d in 
ý, ýcotcxtik. <kýºcutttiwsitc drains arc cuntixºsc d ut' is thrcc"dintcnsiunul curc 
. arxfwichcd hctwccn twu kcutcxtilcs. 
In the wmc way that watcrpr uItng gromid with puddlc cloy or cuncrctc has hccn 
. upcr. edcd over the )car. h) the u. c tit' plu. tic gcumcmhrunc linings. druinagc 
ttvK4anlxº. itc% arc rapidly climinating tltc need for %mid and Kruvcl in traditional 
land drainage blanko., I Nk' 111 (icutcchnic. ) 
(`gym+idcration nccd% to he ytivcn to the drain core failure mock% including shorn-tent 
cru%hinK of the core under a normal I'Orvc, long. -term creep romprv sion of the 
plank core, and rapid or long lean elongation of the Iirhric, allowing intnr. ion of the 
fabric into the pathway% between the nct %trand% or cu%p,,. A drain may also Iäil due 
to aril, hiohºKical, or chemical clogging or blinding of'the gcotc Mile. 
II 
I igur( 'ý I)hIcul .? cIxi)mjx/litr iI1: 111K 
Ani Pwr factor dust was accounted in the selection oI' Wpwonrfx»itc drum over the 
conventional %and blanket is the rust sitvinl; s through the climinalion of mtlti- 
trii kuig of granular material cithcr to or on site. According to the W Ill (ºcotcchrtic 
%%chsitc, this i% hccuu%c it sinl; lc trailer-loud of geocomloºsilc can cover an urea 
i4tlwr%%isc requiring murc than 150 truck-lords of granular nurteriul. '1 he speed of 
installation loo must he added to the savings tirctor. (A small work crew can casil) 
install 40(X)m' of gctK: omlxºsitc leer day. ) 
IIt 'cr, cxtcn. ivc laboratory tc"tm1 i. rcquircd tu dctcrminc the gcocontlxº. itc 
drain'. pcrtiºrrttani c to lind out it it would havc cquivalcnt or hcttcr pcrlurnumcc 
urxkr the site conditiom than it %and laycr. 
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Stritxlrain'N m: uuitacturetl hN Nl'I I\ ýlalavýiu i% u, cd in the cxlxriincnt to rclllacc 
the . and blanko a> the drainapc , N, Icni. It% tcc hnic aI , Ixcitication, are given hclu%% : 
Proportion 
I orr :: ýruCtUre 
Curs Malanal 
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f too Surface Area 
flow Rate 1" c ra(fir nt 
Width 
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CI IA 1''1'F. It 3 
M I: 'I'I I( )1)( )I ,( )(: 1' 
º. I NIrth(Klolul; ý Part I I'rclirrrinurý IZcrrArch and I, itcruturc ItrN ic%$ 
I'rnlitnirusty I47ä1, l: 11 
LReratura ravkrw on a piovnninnt of soli oil using vartical 
(iiain 
1 f<nrdprch on thn (r. I ". ihflit t11 . tui. 1t1n mid lilivi in: clatictl In 
tnplqc: n nand It. thr chainttUn Iaynt 
1 I: allaarc: h oil I1Iv ý ntr. ýi: r of tha draulaga 
41141 Idiri nurtC+i uil 
1 (: ur)ll)qlieun hrlwrril Ihr tailnriq of 
grnrlulul (11.1111 : uul Ilrulp)IUIp 
ltri>t: al rraran. h I 
Not moot royuirotttmll 
lk+larmininu llºn UnulnxllM pnrlunnanua not 
ºligºinnun I: ºynr 
Mnnt raquiremnni 
Nru)mi diaamtalkai 
I ipurr 3, I Mrthmlulul; v Huw ('hurl IY 1' I 
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J.: %Icthmlultº}, ý Part 2 I: ýlx rinu nt 
I 
I)rvrlulmirnt ul u miKIrI-. rulr vrrtirul drain tiyytrm 
1 %%o ty pc %oI hurüuntnl drnrinngc %%I II Ix" cump, rrcd. ( )nc 
rth thc %: uul blanko and thc oIhcr cnthluying thc %trir 
drall) (F. cutc\tilc). 
1 I'uramctcr. that %%ill ix" eom. itlcrctl ; irc Ihr tlis hargc 
c4jsacil), wlllcmcnt rntc, UIId tilliinnlcIN tic ct: ununiü% hart 
of, the .N %tcm. 
Jr lhc uh. crvutiun. wcrc dknir li, i nic %%cck (7 tlu)% prriml) 
for cuch ih, unap. c ", ytitcm. 
1 Analý. i. of thc daut vullcctctl. 
1 Pmiccl t1i%+rnutiun. 
Mrth(xluluKy Hu%% ('hurt (I; YI' 2) 
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3.:. 1 h xpcrimcnl tirlup 
I VDI 
\ý. II ý 
.,, 
1 ijcad/`iIAri hor-ge 
'ý'. 7771-1% //%/771 







I iwurr I. I; tirhrnuUir 1)inKrnm u1'thr Iyrrimrnt 
Now 
I'rclahricated vcrtit; al dram (I'VI)): ('rc; ltc im urtlllciUl drulnugc fulth In ý1)1I nrc%. 
l. incar Variahlc l)illcrcntiul 'Irtut. duccr (I. VI)II: Mcn. urc . ettlcmcnt disc to the 
cunw, lidaUý, rt pnxes+. 
I)ruinakc l. aycr: :! ýcts ul'cxfurimcnt wcrc conductcd; firm using it tiinklc luycr of' 






Hour 1 "i 1)imrn. ion of thr I kfuihmrnt 
IH 
3.2.2 F tlx"rinrcnt McfbrKlology 
('Its) %, )i) is first dricd up for ?. I hours txfiºrc bcinI crushed to lute the :' 
nun sieve site. the dried soil was then mixed ý%ith eater to achieve HO 
moisture content to create it slurry soil. 
'. the slurry soil is placed into the container, then .1 I'VI)s were pushed inside 
the soil with spacing of ( inches (alxºut IS cm) apart. (I igurc 0) 
1. I he drainage layer ( Strilxfruin or Sand blanket) was laid on top of the slurry 
soil, hcfiºre a plastic cover was placed on top of the drainage Iayer. I he load 
(1(ukg) as then placed on top and the I. VI) I was set tip in between the loads 
(Sec I figure 1.6) 
i"ºkute 1,1, NVI) bruº}! pliuxtl ur. ulr Ilic mill ina". ". Ia-I"nr I4), 1lni}: 
A. 1 tic pla, tic tuhc umncctinp. thc drain i, placcd in, idc it mca, urcntcnt cylindcr 
and Uic di, chartic ratc u, uh, crvcd, I hc , cttlcmcnt rate wa, tnca, ttrcd by 
thy I. VI)I 
S( )h, crvatiun, %%crc madc It ir Xtbi y, It)r cach cxhcrimcnt. 
I') 
I i}: urc 1,6 I. Vt) I lwin}: i+ha"ol III lhc rcntrc to rcculJ x"tllcna"nt 
I ir, urC I/ tilrilxh, nn wilh I'VI) 
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3.3 Ilacard Anah, ix 
3.3.1 iiniard Idrntilirnlion 
I Iuiurd i+ aý: ondition or romhination of Culldltlom that, il' Irtl uncormicd may lead 
to an uccidcnt, illncss, or property danmgc. I he imlxºrtancc% of haiard idcntitication 
in this projcct arc to: 
incrcusc uwurcncss of worhplacr ha/. ards, 
providc opportunik to identify und control workplace lilvards. 
incrcusc productivity, 
prcvcnt an mcupationul injury or illncss. 
I'oalhlc unucc% ut huiard. : 
I. tiuurcc% ul'cvtrctttc tcnthcraturc% (drying oven) 
2. tiuurcc% l1t hurnttul du%t (dricd clay lutrticlc%) 
1, tiLxucc% ut'%harh ýýhjcct, (humutcr and hnivcs) 
4. I. ayuut ul'thc Nurhhlacc and locution oI'co-worbcr% (huu. clºccrinp. ) 
S, UIc4trical xntrcc,, (cumltutcr und logging (Icvtcc. %) 
6. Frkurtum ic i. +uc. 
3.3.2 E: rUoaomirs 
I rkonotttics is science concerned with the "lit" tx(ween pcopIC amt their work. 
It puts people first, taking into account their cutuºhititics and Iimitution., 
I. ritonomic% mukc.. urc that task., cquipntcnt, intimntution and the environment 
suit cvcr) worker. I : r}; onontics consider the p rson's: 
A t'hy+ical arpcctx; 
" Exxfy . iic and %hapc, 
" litncyv and arcngth, 
" Iwýtiturc, 
" . cntic, c. g. vision, hcarinK, touch and 
" %trc»c+ and . trainti on mux Icy. joittt% and ncrvcti. 
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It I'N%. -hoIuglcill iltillrct%; 
" nlrntul ilhilitirý, 
" hcruºnulity, 
" I, no%% Iclll; r and 
" rýrrrirncr, 
A major crl; unumic cumulcratiun in this project is computer usugc. This is an 
cxnmhlc ufhuw cumhutcr usagc cun cuusc lx)ssihlc ha/tunk: 
" s. rccn lxxºrI) lx)sitiuncd, tix, high/luw, clusc/titr, 
" niuusC hlucccl ttx) far awty, huvc to stretch, 
"ý hnir not ttcljustahlc, 
" s. rccn glarc, cyc strain/tUiguc, 
" not suitahlc hard and su(lwarc: s for the tusk or lxrsun using thcm, 
" not cnuugh hrcaks or chungcs ut'activity 
I hc+c I'actun can lead to ntistalºes, Ixx)r prtxtuctivity, %tress, eye stnain, 
hcaalachc, pain and achc%. I hcrcti)rc, idcntilicutiam ul'thc%c Ilal/UrlI1 tare 
impt)rtant to avoid prublcmti in thc tltturc. 
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('I IA I'' F FR 4 
4.1 Kcaults 
RE. SU . 'rs ANI) 1)IS('UUSSION 
I%%u sct% ul' c-%lkrimcnts wcrc cuiuluctcd to stuJý the cl'Icclivcnc» of thc clrainagc 
laýcr in tcrm% ul it% drainagc cupacit), xUIcnient and cost. 
A. 1.1 Results for titrilxlrain'" Syaºtcm 
I tic muniturcd . lixhurl; c prulilc Ii, r thc titrilxlruin'"' . ymcm i. , huwn Mow: 












C) ". u 100 
rNn. (Nix... ) 
1 '. (1 100 
--ý- Ur.. 1taI N. " N. alr 
(1.1111 NlI au. ) 
Figurc a. 1 I)Iwhur}c ('uluu"ily l; ruph (tihilxlnrinrM) 
I he maximum amount of ý'. utrr Ii %cIi ig d at the end of da) K is 07211 ml. It can he 
sccn, that thcrc was a rapid disrhargc ratc from day unc to day two. I lkwcvcr during 
the third day, thcrc was little water hcing disrhargcd thr1)11kh the omIct%. It was found 
Iatcr that the tuhc cinnccting the strip drain and the disrhargc 1)uilct was Ixnt, 
cxplainini the inrpossihlc flow 1)1' water 1)111 from the system. 
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I here is a rapid %citlcrrtcnt rate from day one to two. contii%tcnl with the amount of 
%%atcr di, charging front the s %tem. I he maximum settlement value is 87.3K cm. II)c 
%cttlemcnt rate graph from the first set oi'cxlxriment is as follotwws: 
t 













Fi}wr "1 . ': sclikmcnl kille (Strilxlrain"°) 
t tic'llli'tiiriil R. ilr 
('. 1fiIxliaus) 
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4.1.: llcsullv for tiund lilunkct tiyYlcnt 






Discharge Rate (Sand Blanket) 
40 1 cxi P, () 
--F-(hst h. ulrr R. 1I4" (S. 81u1 
(iLsnkol ( 
T(x) 
U i}; urr 4. º: I)i+rhur}. r ( 'ai, srit) KIIIC (Saul IIIitACt ) 
I tic nºa1Wmum urnuunt uU wutcr di, rhargcd i. SMIU in I. 'I Item is is lag in timc hrIt irc 
watcr . tartcd to bc diycharkcd through liºc sand hlankCt. This may I1c dnc to the 
dcn. cr urrungcmcnl u1 +<ºnd lºarliclcx that . low down (tic flow ratc ul' walcr cumpurcd 
to thc titrilxIrain"", t hcrcytinuUiun u1'thc di. ch; ºrp. c caluºcitý ut'thc saint hlunkct% Can 
rc. ult in inudcqºultc Iutcrnl ºIruinag. c that will conhrºmºitir function oI'the vcrticul 
drnin . ý, Icm. 
A. t'Or thc . cttlcmcnt rntc, thc tinal +cttlcmcnt tu"hic%cd : it ihc cnd ut thc cxrcrimcnt 
i. i7, xa cm 
i 
Settlement Rate (Sand Blanket) 
lil 
--'ýolUrýýwnl pair Nan(l) 
1 Igttrr 4 -1' ticttlcttlcnl Kntr (tinrnl ItIn11kC1) 
tim40 (payt) 
:S 
I iburc 4.5 shows a clcarrr comparison in the discharge rntc for hoth druinat; c 
Ihcrc i+ it ditlcrcncc up to I(, °n in the amount of water di+charged. Ihe 
amount of +urctuugc loud applicd in the cxpcrimcnt mit) not hc suflicicnt to cxcrt the 












Comparison in the discharge rate 
0 '. U 1(X) 1 '. O X X) )'. 0 
Time (Nour%) 
-ý-Oi". i h. 11y4" Rati" 
(SinlI1. mi) 
I)r. c 11.11KI"ý. ýIr ('.. ýntl 
I4Id1141'1) 
i'iiturr 4,5: ('umIuuiwm in the tfiK"hnrke rnle 
'Ihc final amount of %cttlcmcnt ohtuinctl nitcr da) cipht oI Ihc cxhcrimcnt %hu%% . that 
the amount o1'+cttlcmcnt from thy titrilxlruin ti) stcm i% uhuut 30% nmorc than thc %und 
hlnnhct +y. tcm. 














r ti. snd Ni. snArl 
I lgurc 4 tý ( u111(lartMýrl its Ilic %Ctllcrtlcrll fqlC 
Time (Ueys) 
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4.1.3 Economic Anulyscw 
I rum the intcrvic s with Mr Eric ('hum from Nylcx Malaysia, tic rcvcalcd that the 
usual thickncss ul' and bhutl. ct u, cd is Im 0I1). However, il' Strilxlrain'' is u, cd as 
the drainagc laycr tugcthcr with the %and blanket, hic ininimum thickness of' , and 
will he adcytutic for the drainaKc systcnt to function propcrly. 
I or licld application: 
I nhlc a. l: 1 hirkncr% iil' %nnd luycr 
Sand lilankrt 
Minimum Sand Nlunkci $ Stripdraiii 
I )raiiiai; r Iý pr Ihirknr%, (mm) 
10()11 
300 
I igurr 4 7; l'unipmrium in timid Ihick nr++ 
I hcrc will hc up tu 70 pcrccnt rcductiun in thc urnuunt ol uuxl urcd li, r thr drainagc 
+yrtcm. Ihc ta1 on thicl, of rund uruully act% ur a working platform on a vcry uoll 
-Wü which has vcry Iuw hcnrirtb calxrCity, 
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I or I rtt' ol nrrn: 
Notc: I cubic nrctcr of . und 1.6 mctric tonne ofmind 
'I nhlc . 1.2: Price ComIxtrimm 
tiund 
Vulumc (m 1.0 
`lctric I onrtc 
! I. 6 
Yricc (ItN1) pcr mctric tonnc 51.2 
titrilxlruin I MO cm stud 11l: urkcl 
l cttth 1 
1'ricc (R. 1) jýcr mctcr iýý I 1.4 2 








SJI/Ii %litlxliam I land 
Uranase Type 
hf! urr 41, ('oanluiriw4m in I'rirr. 
I i}urc -1 ') 1irilrlrnui"' A 1)111 it at wit in I In I icn Plant, VicUurm (Cuuricry ui Nylc%) 
; ', R 
4.2 I)iticui %inn 
Iltcrc huýc hccn ur9umcnk on thc '. age ººI'Vxººc4ºmlx). %itc dram to replace %aild a% 
the arAüuigc Iu, Ncr in tcnm of hic pcrtiºrnancc and cu%t. An intcrviok with I)r SS 
( iuc Cron ( iNI' ( icutcchnic. Still Ithtl rcvculc(l that: 
I Vertical drain is uscd on very soil soil. indicating that it sand blanket is 
needed not only us drainage but to provide it working platform for the vertical 
drain rig. 
2. Sand has very high permeability. ( 11,4 cm/sec) which is why land is prctrrrcd 
over ycotcstilcs. In terms ofpcrtitrnuulccs and cost. Very rare cases involving 
the sand blanket which atlcrt the vertical drain performances. 
3. Cost is highly relative. I'crtormanccs however. needed to he asccrtuin 
properl>. Sand h4ss been proven to he highly ctlcclivc. 
4. Vertical drain is subjected to bentiiii .I 
ikc it straw, there will be it flow cut. 
h: vcn it' there is the Ix>ssihility of usinj' the horiiontal geosvuthetic drain. a 
connection must he develop d to ensure continuous Ilow. 
5.1 he hearing capacity i»uc of the very soft soil needs to he considered. 
42.1 Alternative material for mand blanket 
I tic necd it, lind an ultcrnutavc uºIuti, m to thc uuul hlunkct Iuycr in vrrlicul drain k 
m: unlý duc tu; 
"1 tic incrrayinb pricc ul' uind uvcr Ihc ycur., 
"I tic prohlcni of availability clcun uuid ut . itc, 
" Incrca. cd undcr. tanding ul gcutcxtilc. upplicutiun in cun. trucliun. 
'Mc %and blanko function in vcrtical drain i% very impwtant to cn%urc pnºpcr 
«xtxºlidatiun can takc placc within the rcNuircd time. Sund hav hcen pnºvcn It, 
pruvidc a t'unctionni drain %) --tcm; huwcvcr titilurv to dcsign it pnºpcr granular gradcd 
drain. mutt) rv ult in over crtinºutiiai ººt'thc dixihurgc cutuuit) ººt the vertical drain, 
2N 
To uvcrruntc the shortcomings oI' sand in the druinagc systcm, gcotcxtilc is 
co nsidcrrd as an altcrnativc matcrial to rcplucc slued in constnlction fir druinagc and 
filtration purT%)%c,. Ibis is duc to the contpuruhlc factors such as the Iowcr cost 
installation and ca. +c of' handling of glcotcxtilc products, its flow capacity, strcng th 
and durability in which all of thcsc pcrliºrmimccs arc tcstcd and the unift, rm 
pn1pcrtics of gcotcxtilc can ussurc prcdictahlc Ixrtormunccs on ficid. 
M 
('IIAI''1'F. It 5 
CONCLUSIONS ANI) RECOMMENDATIONS 
t lctºcuntlxº. itc drain i% com. idcrc(I tu he the nuº. t . uilthlc . olutiom toi rchhtcc the %and 
hlänLct In ttw %crtlcal drai, t . )acta. From tic laboratory c\hcrimcnts comiuclcd. Ihr 
follo%ink; conclu. iIm\ can tic dra%%n: 
I. Stripdrain"" proved to he it hcttcr druinugc systcm cºmipurcd to the sind 
blanket in term% of its druinugc culuºcity und %ttlemcnt rats. 
2 1lp tu lilt) pcrccnt (50%) cost rcductiun in Strilxlruin" upplication compared 
tu the sand blanket. 
Iluwcvcr, since the application ul*gcotcxtilcs is vast and thcrc arc still applications 
that arc constantly going through changes to hcttcr its propcrtics, it standard of 
cla_sifacation liar gcotcxtilc is nccdcd hcliorc it can he adopted to rcplacc the granular 
graded drain. ( icotcxtitcs rccluirc propcr engineering design or they may nut pcrliornt 
a+ dc, %ircd. I )nicks flow rctluircntcnts, piping resistuncc, clogging resistuncc and 
%urvivahilit) rcquircrncnts arc properly spccilied, the gcotcxtitc/soil filtration system 
may not pcrlurnt property. Properly dcsigncd gcotcxtitcs can he used as it 
rcplaccntcnt fin must drainage application over the conventional granular drains. 
üccummcndation to huthcr . trcnr. thcn Ihc lnldtnp t1 that rcal licld a11l1IICaIIUn% data 
and cM% tu be cun. idcrcd in the ccmuntic% tuutlyw.. l by . uitahility ul'titrilxlrain'" 
application on dillercnt t) loe of . uil% could be . tudicd to further under. tand the 
hcha% iuur of t; et><: um{xº, ite drain. a. it rerlacentent nuUerial lior the . and blanket. 
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AI'1l: NI)I! ( 2 
Pant I WAS Time I CH 00 
fahle A. 1: I. VI)1 kcmlinp. %(Strilxlrnin"") 
Date Time mm 
I 4/7/2008 10 17 59 
2 411r1008 10 18 29 
3 4170008 10 18 59 
4 4170008 10 19 29 




































10 21 29 
107159 





10 26 59 
102759 
102859 




10 33 59 
10: 459 
103559 
4/1r2008 10 36 59 
4111? 008 10 31 59 
4! 1/7008 10 38 59 
411r2008 10 39 59 
4110008 10 40 59 
411/7008 10 41 59 
411/7008 10 4? 59 
' 417/7008 10 43 59 
417/2008 10 44 59 
4110008 10 45 59 
41712008 ' 10 46 59 
' 41112008 ' 10 41 59 
37 411/7008 10 411 59 
38 ' 41100011 10 49 59 
39411/2008 105059 
40 411/7008 10 51 59 
41 411r7008 105258 
4? 4110009 10 53 59 
43 417,7008 ' 10 54 59 
44 411/2008 ' 10 55 59 
45 41/0008 10 5I1 59 
4/) 4/7/2008 10 51 59 
41 4/10008 10 58 59 
48 4/100011 10 59 59 
































































































































































11 04 59 
11 0559 
11 0659 
11 07 59 
110859 
11 01) 59 
11 10 59 
11 11 59 
111759 
11 13 59 
111459 
111559 
11 18 59 
11 17 59 









13 07 59 
137759 
134259 
14 0? 59 
14 72 59 
144759 
150259 





11 02 59 
112259 
114259 
18 07 59 
18 2? 59 
184259 
1002 59 
11) 22 59 
1G 47 59 
70 0? 59 
70 77 59 
2042 59 





































, 55 7? 














t WAS Time 
[)ale T ime 
101 4/1/2008 21 '? '? 59 
102 41112008 21 47 59 
103 411/2008 22 07 59 
104 417/7008 22 22 59 
105 ' 41112008 22 42 59 
106 4/7/2008 23 02 59 
107 4/712008 23 22 59 
108 4/112008 23 42 59 
109 4/8/2008 '0 02 59 
110 418/2008 0 22 59 
111 4/80008 0 47 59 
112 ' 4/8/2008 1 02 59 
113 4/8/2008 1 22 59 
114 4/8/2008 1 42 59 
115 4/812008 1 02 59 
116 4/8/2008 2 77 59 
117 4/8/2008 2 42 59 
, is 4/8/2008 3 02 59 
119 4/8/7008 '3 22 59 
120 4/842008 3 47 59 
121 4/80008 4 02 59 
122 ' 4/8/7008 4 22 59 
123 4/80008 4 42 59 
124 4/80008 5 01 59 
175 4/841008 72 59 
126 4/8/2008 5 42 59 
121 4/8/2008 ti 07 59 
128 4/8/2008 ti ?? 59 
179 ' 4/8/2008 (J42 59 
130 ' 4/817008 1 07 59 
131 418/2008 '1 27 59 
132 4/812008 14759 
133 ' 418/2008 '8 02 59 
134 4/8/2008 8 27 59 
135 4/8/2008 8 42 59 
1 36 4/8/2008 9 02 59 
137 4/8/2008 9 72 59 
138 4/8/? 008 94) 51) 
139418/2008 100759 
140 ' 4/812008 101) 59 
14141812008 104759 
142 ' 4/812008 ' 11 42 59 
143 4/8/2008 17 4,7 59 
144 4/812008 13 47 59 
1454/81? 008 144759 
146 4180008 15 42 69 
141 4/8/7008 18 47 59 
148 4/8/2008 11 42 59 
1441 4/80008 184759 





















































Point WAS Time CH 00 
l)ate Time mm 
151 4/8/7008 1 20 42 59 _ -79 5 
152 4/8/1008 71 42 59 -19 11 
153 4/8/7008 22 42 59 -80 09 
154 4/8/7008 ?3 47 59 -80 38 
155 419/2008 0 42 59 -80 64 
156 4/9/2008 1 42 59 -80 85 
157 4/9/2008 2 42 59 81 12 
158 4/912008 :i 42 59 "81 33 
159 4/9/2008 4 47 59 -81 53 
180 4/9/2008 5 42 59 -81 8 
181 4/9/7008 G 42 59 81 98 
162 4/9/2008 / 42 59 -82 23 
183 4/9/2008 8 42 59 -82 4 
184 4/9/2008 9 42 59 -82 58 
165 4/9/2008 10 47 59 . 82 78 
188 4/9/2008 11 42 59 -82 93 
187 4/90008 12 42 59 83 22 
168 4/9/2008 13 42 59 -83 38 
189 4/9/2008 14 42')9 -8351 
170 4/9/2008 15 42 59 -83 63 
171 4/9/2008 16 42 59 83 77 
172 4/9/2008 17 42 59 83 88 
173 4/9/7008 18 42 59 . 8398 
174 4/9/7008 19 42 59 84 08 
175 4/9/2008 20 42 59 -84 18 
178 4/9/2008 71 42 59 -84 3 
177 4/9/2008 27 42 59 -84 38 
178 4/9/2008 73 42 59 84 51 
179 411012008 0 42 59 84 81 
180 4/10/2008 1 42 59 84 72 
181 411012008 7 42 59 84 81 
187 4/10/2008 3 42 59 -84 92 
183 4110/2008 4 42 59 -85 
184 4/10/2008 5 42 59 -85 08 
185 4/10/2008 8 42 59 -85 13 
188 4/10/7008 7 42 59 -85 2 
187 4/10/2008 8 42 59 85 79 
188 4/10/2008 9 42 59 -8S45 
189 4/10/2008 10 42 59 85 45 
190 4/10/70U8 11 42 59 85 48 
191 4/1012000 12 42 59 . 8569 
192 4/10/2008 13 42 59 -85 69 
193 4/10/2008 14 47 59 -85 71 
194 4/10/7008 15 42 59 . 8576 
196 4/10/2008 18 42 59 . 8581 
196 4/10/7008 17 42 69 . 8581 
191 4/10/2008 18 42 59 85 99 
198 4/10/2008 19 42 59 -88 02 
199 4/10/2008 2042 59 -88 03 
200 4/10/2008 71 42 59 -88 06 1 
IN 
11o4M I MI AS Time I Cº1 00 
Date Time mm 
201 4/10/2008 22 42 59 
207 411012008 1.1 41 59 
203 4/ 11 /2008 0 42 59 
204 4/1112008 1 42 59 
205 4/1112008 }2 42 59 
206 ' 4/ 11 /2008 3 42 59 
207 4/1112008 4 42 59 
208 411112008 '5 42 59 
209 ' 4/ 11 /2008 642 59 
210 ' 4/11/2008 142 59 
211 ' 4/11/2008 H 42 59 
212 
, 
41110008 942 59 
213 4/11/2008 1 10 42 59 
214 4/11/2008 11 42 59 
215 4/11/7008 ' 12 42 59 
218 ' 4/11/2008 
f 13 42 59 
217 4/11/7008 14 42 
218 4/11r1008 15 42 59 
219 4111/2008 14 42 59 
220 4/11/2008 1/ 42 59 
221 ' 4/1112008 1H 42 59 
222 ' 4/11/2008 1942 59 
223 ' 4/11/2008 
f 
2047 59 
224 ' 4/11/2008 1 71 42 59 
225 ' 4/11/2008 ! 72 47 59 
226 1/110009 ' 13 42 59 
227: 12Ap '; 0 4259 
228 4/ 12/2008 1 4? 59 
229 ' 4114 l7008 l 47 5B 
230ý4112/? 009 : 14? 5U 
231 , 4/17/7008 
t44? 59 
232 4/17/7008 S 47 SO 
233 ' 4/12/2008 6 4? 58 
234 411212008 }14? SU 
235 411711008 8 42 ml 
238 . 4/1? /7008 U 47 9U 
231 r 4/12/7008 10 47 59 
238 4/17r10o8 11 42 59 
239 ' 4112r100e 11 47 5 
240 ' 41120008 1: 142 59 
241 411212008 14 42 59 
242 : 4117%: UUH : 15 4? SH 
243 4/1212008 18 42 50 
211 41121200 8 114259 
245 4/ 12rJ008 18 42 59 
246 4/ 12/1008 1 1J 42 59 
? 41 4/110008 } ?04? 'ifl 
148 4/12/2008 11 4? `, U 
249 4/ 11/1(x)8 :? 142 SO 







































































































































0 42 59 
1 42 59 
242 59 






9 4? 59 
10 4? 59 
114259 
124? 541 
1: 142 59 















27 42 59 
734259 
Q4259 




5 42 59 
642 59 
142 ! )9 
8 42 59 
947 59 
1U 47 49 
114259 
174759 
13 47 59 

















































. 93 73 
14) 
Iahlr A. "1: I. VIYI IZrntIinp. % (Swnl Iil: uikrl) 
Point WAS Time ýýCli OO WAS Time CH 00 
(). IIr. 1-1 IrtºR mm "'0'" Totio mm 
1 30/4/7008 1/ 10 18 0002 
2 3014/7008 17 11 18 05 
3 30/40008 } 17 11 48 0 512 
4 30/4/7008 17 12 18 -0 615 
5 30/4/2008 17 12 48 0 759 
6} 30/40008 17 13 18 0 899 
7 30/4/7008 17 13 48 0 925 
8 30/4r2008 11 14 18 0 965 
9 30/4/2008 17 14 48 0 978 
10 30/4/2008 11 15 18 1 003 
11 30/4/2008 17 15 18 1 046 
17 ý 30/4/7008 17 18 18 1 114 
13 30/4/2008 1111 18 "1 125 
14 30/40008 17 18 18 1 14 3 
15 30/40008 17 19 18 1 167 
16 1 30/4/7008 1120 18 "t 245 
11 30/4/2008 1/ 21 18 1 324 
18 30/4/2008 17 22 18 1 358 
19 30/4/2008 17 23 18 1 398 
70 3014/7008 17 24 18 1 406 
21 f 30/4/2008 11 25 18 1 417 
22 30/4/2008 11 28 18 1 472 
23 30/4/2008 17 27 18 "1 461 
24 30/4/7008 17 28 18 1 478 
25 30/4/2008 17 29 18 1 498 
26 30/4/2008 11 30 18 "1 518 
21 301411ooa 1 17 31 18 1 6311 
26 1 30140008 1 17 32 18 
I1 557 
29 30/4/7008 17 33 18 ý1 577 -. ý, 30 30iu? 00e iI 617 ýý+ 3ýOJ: iý0ý09f 1ýJ8181 1637 
If 33 30/4/2008 1 17 37 18 1 857 
34 30/4/7008 11 38 18 1 811 
35 30/4/2008 17 39 18 1 897 
36 30/4/2008 17 40 18 1 711 
37 30/412008 17 41 18 1 731 
38 
} 
30/4/2008 17 42 18 1 757 
39 30/40008 11 43 18 1 777 
40 30/4/1008 11 44 18 1 797 
41 30/4/2008 1145 18 1 81 1 
42 30/4/2008 11 48 18 1 836 
43 30/412008 11 41 18 1 858 
44 30/4/2008 1148 18 1 816 
45 30/4/2008 1149 18 1 896 
46 30/4/2008 11 50 18 1 016 
41 30/4/2008 1151 18 -1 9311 
48 30/4/7008 11 52 18 19% 
49 30/412008 17 53 18 1 978 




















































ý 30/417008 11 55 18 -6 534 
30/4/7008 11 56 18 -6 546 
301417008 17 57 18 . 6897 
30/417008 17 58 18 -7 877 
30/4/2008 17 59 18 -8 219 
30/4/2008 18 00 18 -8 452 
30/4/7008 18 01 18 . 9237 
30/4/7008 18 07 18 9 4! ) 1 
3014/2008 18 03 18 9 98 
30/4/2008 18 04 18 10 45 
30/4/7008 18 05 18 . 1091 
30/4/7008 1806 18 -1 1 37 
30/4/2008 18 01 18 -1 1 84 
30/4/7008 18 08 18 " 12 30 
30/412008 18 09 18 " 12 78 
30/4/7008 18 10 18 -13 22 
30/4/7008 18 11 18 -13 89 
30/4/7008 18 12 18 -14 15 
30/4/2008 18 13 18 . 1461 
30/4/7008 18 14 18 -15 08 
30/4/7008 18.34 18 -15 54 
30/4/7008 18 54 18 -16 00 
30/4/2008 19 14 18 1 . 1646 
30/4/7008 19 34 18 16 93 
30/4/7008 19 54 18 " 17 39 
30/4/2008 , 20 14 18 -11 85 
30/441008 . 1034 18 . 1832 
30/4/7008 70 54 18 . 1878 
30/4/2008 21 14 18 . 1924 
30/4/7008 71 34 18 -19 10 
30/4/2008 21 54 18 . 20 17 
30/4/2008 22 14 18 -70 83 
30/40008 27 34 18 -21 09 
30/4/7008 77 54 18 2158 
30/4/7008 73 14 18 22 02 
30/4/2008 73 34 18 22 48 
30/4/7008 23 54 18 72 94 
1/5/7008 0 14 18 23 41 
I 1l! )/20UH 0 34 18 "23 87 
1/5/2008 O S4 18 -24 33 
1/5r7008 1 14 18 24 80 
1/511008 1 34 18 25 28 
1/5/2008 1 54 18 25 72 
1/6/2008 2 14 18 26 18 
1/5/2008 2 34 18 2665 
1/5/2008 2 54 18 27 11 
1/50008 3 14 18 21 51 
1/5/2008 3 34 18 28 04 
1/5/2008 3 54 18 . 7850 
1/5/7008 4 14 18 -2896 
40 
Point I MI AS i imr 
Date I1 mir 
10ý ; ti5r1o08 4 : 3a 18 
102 11 1542008 14 S4 18 i 
103 1/5/7008 5 14 18 
104 1/5/7008 15 34 18 
105 f 1/512008 5 54 18 
108 ;1 /5/7008 16 14 18 
107 1/512008 18 34 18 
108 1/512008 6 54 18 
109 1 /5rl o08 1 14 18 
110 i/5/7o08 1 34 18 
111 1/5/2008 1 54 18 
112 1 /5/1008 8 14 18 
113 1150008 8 34 18 
114 1151008 85418 
115 1/5/7008 SJ 14 18 
11A 1/57008 034 18 
Ill 1 /51008 9 54 18 
118 1150008 1 10 14 18 
1 18 ý 1/50008' 1 034 18 
120 1 150008 10 s4 18 
121 ' 1/5/2008 11 14 18 
. 122 1/5/2008,113418 
123 1 /917008 11 5418 
124 1 /5/7008 12 14 18 
125 1I512008 1 12 34 18 
126 1 /9/2008 1 12 54 18 
127 1150008 1 13 14 18 
128 1 /5/7008 i 13 34 18 
129 1 /511008 13 54 18 
130 I /Woos 
ft 
14 14 18 
131 1 /V1008 1 14 34 18 
132 1/90008 14 94 18 
133 1 /50008 t 15 14 18 
134 115/"1008 1 15 34 18 
135 1/50008 1's 54 18 
136 1190008 1ö 14 18 
137 i /S0008 Ill 34 18 
138 1 /517008 1 t1 54 18 
139 1/5/7008 ý 11 14 18 
140 1150008 1 1134 18 
141 1I /S/2008 11 34 18 
142 ý 1/512008 18 34 18 
143 1/V. )008 1934 18 
144 t /511008 70 34 18 
145 1/511008 '11 34 18 
146 ttt 1 /511008 Y'1 34 18 
147 I 1/ä0008 . "1 : 14 18 
148 71512008 0 34 18 
148 f 715/7008 1 34 18 









































































































WAS Time (;! 1 OU 
- Date 1 erne mm 
2/5/2008 3 34 18 4i 43 
7/512008 4 34 18 -41 81 
2/512008 5 34 18 -41 99 
2/517008 8 34 18 42 11 
21512008 7 34 18 -42 26 
2/5/2008 8 34 18 -42 56 
2/5/2008 9 34 18 42 76 
2/512008 10 34 18 -42 97 
2/5/2008 11 34 18 -43 19 
2/5/7008 12 34 18 -43 40 
2/512008 13 34 18 -43 82 
2/5/2008 14 34 18 -43 83 
2/5/2008 15 34 18 44 05 
2/517008 16 34 18 44 27 
2/5/2008 11 : 34 18 44 48 
2/512008 18 34 18 -44 70 
2/517008 19 34 18 44 91 
2/5/2008 20 34 18 -45 13 
7/5/2008 21 34 18 -45 34 
2/512008 22 34 18 -45 58 
7/5/7008 23 34 18 -45 77 
3/5/2008 0 34 18 -45 99 
3/50008 1 34 18 -48 20 
3/5/7008 2 34 18 -46 42 
3/512008 3 34 18 -46 64 
315/7008 4 34 18 46 85 
3/5/7008 5 34 18 -41 01 
3/5/7008 6 34 18 -41 28 
3/5/7008 134 18 "4/50 
3/5/7008 8 34 18 -47 71 
3/517008 9 34 18 -47 93 
3/50006 10 34 18 48 14 
3/5/2008 11 34 18 48 36 
3/5/7008 12 34 18 48 51 
: 1/5/2008 13 34 18 48 19 
3/50008 14 34 18 49 00 
36/2008 15 34 18 -49 22 
: 1/5/7008 18 34 18 . 4944 
3/5%7008 17 : 14 18 49 6! i 
: 1/5/-7006 18.14 18 49 81 
: 1/5/7008 19 34 18 -50 08 
: 1/5/7008 20 34 18 " 50 30 
3/5/2008 71 34 18 . 60 51 
: 1/5/7008 -7-7 34 18 -50 73 
: 1/5/7008 23 34 18 . 50 94 
4/5/7008 0 34 18 " 51 18 
4/5/2008 1 34 18 51 37 
4/5/2008 2.34 18 51 59 
4/5/2008 3 34 18 51 81 
4/5/7008 4 34 18 -52 02 








































, 496! i 
49 81 
" 50 08 
" 50 30 







- 52 02 
41 
Point I MEAS Time I CH 00 
---- Dato Time mm 
---- --------- - -- --_,. 201 4/50008 5 34 18 -52 30 
702 i 4/511008 6 34 18 -5235 
203 415/2008 1 34 18 -52 41 
204 4/5r1008 8 34 18 -52 41 
20S 4/5/2008 0 34 18 -5247 
206 4/512008 10 34 18 52 50 
207 4/5/2008 11 34 18 52 54 
208 4/5/2008 12 34 18 -52 58 
209 4/5/2008 13 : 14 18 -57 87 
210 4/5/1008 14 34 18 -52 66 
211 ( 4/5/2008 15 34 18 " 52 70 
212 4/5/1008 16 34 18 " 52 14 
213 4/512008 173418 5278 
214 4/5/2008 18 34 18 52 82 
215 4/5/2008 , 19 34 18 -57 86 
218 i 4/5/7008 20 34 18 -52 89 
711 4/5/2008 71 34 18 -52 93 
218 
} 
4/5/7008 77 34 18 -52 97 
219 4/512008 23 34 18 -52 97 
220 5/5/2008 0 : 14 18 52 98 
221 5/5r1008 1 34 18 53 01 
222 5/5/2008 2 34 18 -53 01 
223 515/2008 3 34 18 53 17 
224 5/5/2008 4 34 18 -53 19 
226 5/5/7008 5 34 18 -53 21 
226 5/5/1008 6 34 18 53 42 
227 6/5/2008 1 34 18 53 48 
228 5/517008 8 34 18 53 54 
229 5/511008 1/ 34 18 -53 61 
230 5/5/2008 10 34 18 -53 /3 
231 5/5/1008 11 34 18 53 82 
232 5/511008 17 34 18 54 18 
233 515/2008 13 34 18 5454 
234 5/5/2008 14 34 18 54 90 
235 5/511008 15 34 18 552S 
236 5/50008 16 34 18 -55 76 
237 
} 
5/5/1008 11 34 18 -55 31 
238 5/511008 18 34 18 5533 
239 5/50008 : 19 34 18 56 33 
240 1 5/5/1008 10 34 18 55 43 
241 ý 5/5/2008 21 34 18 -55 43 
247 5/5/1008 22 34 18 -65 45 
243 5/5/7008 73 34 18 56 45 
244 6/511008 0 34 18 55 46 
245 tU517008 1 34 18 55 46 
246 i 6/5/7008 7 34 16 -55 41 
247 6/5/1008 3 34 18 55 41 
248 6/511008 4 34 18 55 41 
249 6/511008 5 34 18 . 65 48 
00465 54 250 6/5/263418 
Point Mt AS i ime ('1100 
Data Time mm 
? 51 6/5/2008 7 34 18 -55 54 
252 8/5/7008 8 34 18 55 41 
253 6/5/7008 934 18 -55 41 
254 6/5/2008 10 34 18 -55 43 
255 6/5/2008 11 34 18 55 47 
258 6/5/7008 12 34 18 S547 
257 6/5/2008 13 34 18 55 51 
258 6/5/2008 14 34 18 -5) 53 
259 6/5/2008 15 34 18 55 56 
760 6/50008 16 34 18 -55 56 
761 6/5/2008 17 34 18 -55 63 
202 6/5/7008 18 34 18 -55 63 
263 8/5/2008 19 34 18 -55 83 
284 6/5/2008 20 34 18 -55 70 
265 6/5/7008 21 34 18 -55 71 
286 6/5/7008 22 34 18 -55 72 
261 6/5/700823 34 18 -55 85 
268 7/5/7008 0 34 18 - 55 85 
769 7/5/2008 1 34 18 56 03 
270 1/5/7008 234 18 . 5603 
271 1/5/2008 3 34 18 -56 35 
272 7/5/2008 434 18 -56 35 
273 ! /517008 534 18 -56 47 
214 1/5/7008 834 18 -58 54 
215 1/5/7008 / 34 18 -56 54 
276 7/5/7008 834 18 56 67 
777 1/5/7008 934 18 58 67 
718 1/5/2008 10 34 18 -57 12 
279 7/5/7008 11 34 18 -57 24 
280 1/50008 17 34 18 5/ 82 
281 1/5/2008 13 34 18 -5! 82 
282 1/5/7008 14 34 18 -51 82 
283 1/5/7008 15 34 18 57 84 
284 1/5/2008 16 34 18 -57 84 
785 1/5/2008 1! 34 18 Si 84 
42 
APPENDIX 3 
I. ihic \ý I)iýncýu)r( : ýharilý (Slnluliaill",. L 
I 




1= 7/4/2008 10 18 00 
2 7/40008 10 18 30 
3 1/40008 10 1900 
4ý 1/40008 10 1930 
5= 7/4/2008 10 20 00 
6ý 1/4r2008 10 20 30 
7 ! /40008 10.11 00 
8 7/40008 10 21 30 
9 7/40008 10 22 00 
10 1 7/417008 10 72 30 
ý. I1 
11 1 114r2oo8 1 10. '300 1 
12 1 7140008 1 10 ?3 30 1 
_tt- 13 1 7/4/7008 1 10 74 00 1 
aýýý 14 7/4r? 008 1024 30 
15 
1 
7/A/2008 10 29 00 
-_ ýý _- 16 1 7/40006 1 10 25 30 1 
.. ý ,, 17 1= 714/2008 1 10 28 00 1 
18 1 7/40008 1 10 ?ß 30 1 
III- 19 1 7/40008 1 10 27 00 1 
=I1ý 






10 ýa 00 
ýý 
II 
23 1{ 114r1oo8 1 10 35 00 
24 1 71 r1008 I 10 40 00 1 
25 1 1140008 1 104500 1 
714r1oo8 
1 105000 1 27 1 114/ 008 1 10 55 00 1 
28 1 114/2008 j 11 00 0o j 29 114r100e [ 11 0500 j 30 1 114rlo0e 1 11 1000 
31 1 1140008 11 1S 00 32 1140008 11 2000 33 1= 114r1005 1 11 'I', 00 34 1 1140008 1 11 3000 
35 1 I/112008 1113!, 00 36 1/4/; 008 11 40 00 
37 1/412008 11 49 00 
38 1 714f1(lg8 1 ii so 00 
39 I ner1Ug9 I 11 ä6 00 40 1 7/40008 1 12 00 00 
41 1 7/4/7008 11J 00 00 
42 1 7/4/2008 1 14 00 00 43 1 714r1008 1 150000 
44 1: 114r1008 
I 
1t S 00 00 
45 7I4r1008 110000 




















































81442008 14 00 00 





Discharge Capacity (Day 3) 
914/2008 10 00 00 
9140008 16 00 00 
10/4/7008 I 10 00 00 6720 





Discharge Capacity (Day 4) 
t)+scnarge C; apacny (Ua S 
a- 1 Ir 11/4/ ? 008 10 00 00 8770 
21 11/4/2008 1(3 00 00 6720 
No reading on 12th and 13th April 2008 - Weekend) 
D+acnupo Capacity (Day 8) 
I i4/4/? 008ý 10 00 00 6720 
44 
I uhlc Ali: I)i. ch; ºrF, c l'nh: ºcily (Sand Iilnnlcl ) 
Uischarqe CaPacit, (Y Day 1) 
Time II Discharge (ml) 
1 30 4 2008 11 10 00 0 
2 3042008 1.12000 0 
3 3042008 113000 0 
4 3042008 114000 0 
5 30 4 2008 11 50 00 
_0 6 30 4 2008 18 00 00 .ý 110 
r--ý--" Time 0101: harge (MI) 
11 52008 9 00 00 1480 
2 
fý 
15 2008 12 00 00 1000 
3I15 2008 15 00 00 2020 
4 152008 180000 2410 
2 
3 
a. cn. rgo C. . ýcrtY (Day 2) 
Discharge CapacHy (Day 3) 
, -. - Time Discharge (ml) 
29 2008 9 00 00 ! 3(150 
25 2008 12 00 00 3890 
252008 150000 3140 
25 2008 18 00 00 3810 
No roading on 3(d and 4th May 2008 
Wookond) 
[NschaT (: aßacR (UaY 0) 
r Tirr+e Discharge (ml) 
1i 652009 8 00 00 9000 
2IaS 2009 12 00 00 6100 
3SS 2009 15 00 00 6100 
4 552008 180000 
ý 5370 
(>%c: harVo Capacity (Day 7) 
T irrx, ; Discharge (ml) 
1 i652008 UWOU 
?2G5 '100ö 110000 
31651008 150000j ý! 65 2008 
.:. ý. 
1e00001 




i inw i)+NC. hptga (ml) 
1ý 7 b? OOA 6 00 00 5lf00 
75 7008 17 UO 00 9H00 
375 2008 16 00 00 5000 
4176 Z000 1 180000 º 56001 
43 
